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MACHINE, IN PARTICULAR
CONSTRUCTION MACHINE

BACKGROUND OF THE INVENTION

The present invention relates to a machine, 1 particular a
construction machine and preferably a wheel loader or a
dumper.

Such machines are known in a number of different con-
structions. As drive unit 1 particular of construction
machines, there 1s usually provided a Diesel engine, which
cifects the traveling drive of the machine for instance via a
hydrostatic transmission. For driving the machine, different
concepts are known. There 1s known, for istance, a direct
hydrostatic transmission for wheel loaders, 1n which a swash-
plate displacement pump cooperates with two inclined-axis
motors. The size thereol and their arrangement on the addi-
tional powershift transmission provides for a plurality of con-
tinuously variable driving modes with smooth transitions.
One advantage of this concept consists in fuel savings as
compared to other constructions.

SUMMARY OF THE INVENTION

It 1s the object underlying the present invention to develop
a machine as mentioned above to the effect that the efficiency
thereot 1s improved as compared to known machines.

This object 1s solved by a machine with the features herein.

Accordingly, 1t 1s provided that the machine comprises a
pump as well as an energy accumulator connected with the
pump, which icludes a first space which 1s gas-filled, and
which includes a second space which i1s designed, such that in
operation of the pump it 1s filled by a fluid delivered by means
of the pump, which leads to the compression of the gas
contained in the first space. The machine furthermore com-
prises a hydraulic motor to be driven by means of the energy
accumulator. Furthermore, 1t 1s provided that the energy accu-
mulator 1s designed such that the ratio of the volume of the
first space with fully loaded second space to the volume of the
first space with non-loaded second space 1s >0.5.

As compared to conventional constructions, the accumu-
lator 1n accordance with the invention thus has a distinctly
larger gas volume relative to the second space, which can for
instance be an o1l exchange volume.

Said object furthermore 1s solved by a machine with the
teatures herein. Accordingly, 1t 1s provided that the machine
comprises a pump as well as an energy accumulator con-
nected with the pump, which includes a first space which 1s
gas-filled, and which includes a second space which 1is
designed such that in operation of the pump it 1s filled by a
fluid delivered by means of the pump, wherein the gas con-
tained 1n the first space 1s compressed. Furthermore, there 1s
provided a hydraulic motor to be driven by means of the
energy accumulator. In this embodiment of the mnvention 1t 1s
provided that the ratio of the gas filling pressure 1n the first
space with non-loaded second space to the maximum oper-
ating pressure 1s >0.5. In construction machines known from
the prior art, this ratio assumes values of less than 0.5. In this
embodiment of the invention, the energy accumulator can for
instance also be designed such that the ratio of the volume of
the first space with fully loaded second space to the volume of
the first space with non-loaded second space 15 >0.5.

The present mnvention provides a machine, 1n particular a
construction machine for energy regeneration with tlat char-
acteristic and high power density as compared to known
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machines. The energy density at the pump loading the energy
accumulator correspondingly 1s high 1n accordance with the
invention.

In a further aspect of the invention, the ratio of the volume
ol the first space with fully loaded second space to the volume
of the first space with non-loaded second space 1s >0.6, >0.7,
>0.8 or >0.9.

Particularly advantageously, the ratio of the gas volume of
the first space in the fully loaded condition of the second
space to the non-loaded condition of the second space lies 1n
the range from about 0.8 to <1, preferably <0.99, <0.98,
<0.97, <0.96 and particularly preterably <0.95.

In a further aspect of the invention it 1s provided that the
ratio of the gas filling pressure 1n the first space with non-
loaded second space to the maximum operating pressure 1s
>0.6, >0.7, >0.8 or >0.9.

Particularly preferably, the gas filling pressure raised 1n
accordance with the invention lies 1n the order of 0.75 to <1,
preferably <0.99, <0.98, <0.97, <0.96 and particularly prei-
erably <0.95 of the maximum operating pressure, 1.e. the
maximum admissible pressure 1n the first space.

Furthermore, the machine can include a drive unit, for
instance in the form of a Diesel engine, and a drive train
connected with the drive unait. It 1s concervable that the pump
can be driven directly or indirectly by the drive unit or the
drive train.

In a preferred aspect it 1s provided that the hydraulic motor
1s connected with the drive train or some other component of
the machine such that the energy output by the hydraulic
motor can at least partly be mtroduced into the drive train or
be supplied to the other component. In such an embodiment
of the invention, the energy stored in the energy accumulator
1s converted into mechanical energy by means of the hydrau-
lic motor, which mechanical energy 1s introduced into the
drive train at a suitable point.

The machine of the invention can include one or more than
one energy accumulator. The entire storage of energy thus can
be performed 1n a number of, for instance, oil/gas pressure
accumulators.

Furthermore, 1t 1s conceivable that said first space of the
energy accumulator consists of one or more spaces disposed
1n one or more pressure vessels (for instance 1n a diaphragm-
type or piston-type accumulator) and of one or more spaces
disposed 1n one or more external gas tanks connected with the
pressure vessel(s). Thus, 1t 1s conceivable for instance to
perform the storage of energy 1n one or more o1l/gas pressure
accumulators and a number of pure gas accumulators which
are connected with the gas space of the o1l/gas pressure accu-
mulators. It 1s conceivable that an external gas tank 1s asso-
ciated to each oil/gas pressure accumulator or also that only
one or a few o1l/gas pressure accumulators are connected with
a gas tank. It 1s furthermore conceivable that a plurality of
o1l/gas pressure accumulators are connected with one gas
tank.

It 1s furthermore conceivable that there are provided means
for detecting the pressure in the energy accumulator, 1n par-
ticular 1n the first space, and means for shutting off the pump,
which are designed such that they shut off the pump when the
pressure detected by the means for detecting the pressure
exceeds a limit value. In this case, for instance, a shutoftf ofthe
loading pump would be effected upon reaching the full filling
of the second space of the oil/gas pressure accumulator(s),
which might be effected for instance via a defined increase in
pressure by means of an end-of-stroke damper at the piston-
type accumulator.
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In a further aspect of the invention, means can be provided
which shut oif the hydraulic motor when the amount of fluid
contained 1n the second space falls below a limit value.

It 1s conceivable for instance that the means include a
switch rod at the energy accumulator or a detection means, by
means of which the position of an element movable 1in the
energy accumulator can be detected, whose position depends
on the filling condition of the second space.

It 1s conceivable for instance that the energy accumulator 1s
designed as a diaphragm-type or piston-type accumulator or
comprises a diaphragm-type or piston-type accumulator.

Said element, whose position can be detected, can for
instance be the diaphragm or piston of the diaphragm-type or
piston-type accumulator.

In a further aspect of the invention it 1s provided that the
pump and the hydraulic motor are formed by the same struc-
tural unat.

In a further aspect of the invention, there are provided
means for detecting the pressure as well as means for detect-
ing the temperature 1n the energy accumulator and means for
shutting off the pump, which are connected with said means
for detecting the pressure and the temperature. In principle, 1t
1s conceivable to perform a regulation via a comparatively
simple pressure and temperature detection on the gas side, so
that a possibly provided end-of-stroke damper or position
sensor etc. might perhaps be omitted. It 1s of course also
conceivable to additionally maintain the end-of-stroke
damper and/or position sensor.

The control/regulation thus can be effected via pressure
and temperature sensors, which provide measurements acting
on the operation of the pump as the only or additional 1nflu-
encing variables.

In accordance with the invention, the regulation or control
of the accumulator loading pump thus can be effected via the
pressure characteristic 1in the energy accumulator.

If the energy accumulator 1s filled by the pump, the case of
“reaching the maximum operating pressure” or “maximum
filling level” can safely be detected by measuring pressure
and temperature of the gas. End-of-stroke damping or a posi-
tion detection can, but need not be performed 1n addition.

The above-described case of “shutting ofl the pump prior
to complete evacuation” likewise can safely be detected as a
result of the detection of pressure and temperature on the gas
side. Switch rods and/or position sensors can be omitted, but
can also be provided.

The case of a “partial or complete loss of the gas filling”
also can be detected via the measurement of pressure and
temperature on the gas side.

In principle, 1t should be noted that the point of pressure
measurement can also be located on the o1l side, 1.e. the means
for detecting the pressure 1n the energy accumulator might
also be connected with the second space, alternatively or 1n
addition to the first space. The point of temperature measure-
ment must be located on the gas side, 1.e. the means for
detecting the temperature must be connected with the first
space. This point of temperature measurement might be com-
pleted by an o1l-side point of temperature measurement.

The means for detecting the pressure and the means for
detecting the temperature can each have their own sensor for
pressure measurement and their own sensor for temperature
measurement. The use of a combined device including both
functionalities 1s also concetrvable.

il

BRIEF DESCRIPTION OF THE DRAWINGS

Further details and advantages of the invention will be
explained 1n detail with reference to an embodiment 1llus-
trated in the drawing, in which:
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FIG. 1: shows a schematic view of a construction machine
in accordance with the invention,

FIG. 2: shows a detailed representation of a piston-type
accumulator designed as an oil/gas pressure accumulator
including switch rod and external gas accumulator, and

FIG. 3: shows a detailed representation of a piston-type
accumulator designed as an oi1l/gas pressure accumulator as
shown 1n FIG. 2 with an additional point of pressure and
temperature measurement.

L1
Y

ERRED

DESCRIPTION OF THE PR.
EMBODIMENTS

In a schematic representation, FIG. 1 shows a construction
machine designed for mstance as a wheel loader or dumper.
The construction machine includes a Diesel engine desig-
nated with the reterence numeral 3, which drives the axles/
wheels 5 of the machine via the transmission 4. The drive train
thus extends from the Diesel engine 3 to the axles/wheels 5.

Directly via the Diesel engine 3 or via the transmaission 4,
the pump 1 1s driven, which 1n operation delivers o1l or any
other suitable hydraulic medium from a suitable vessel into
the second space 7 of an energy accumulator 2.

The energy accumulator 2 1s composed of the o1l/gas pres-
sure accumulator 11 and the external gas tank 8.

The space 7 constitutes the o1l exchange volume of the
o1l/gas pressure accumulator 11. The o1l/gas pressure accu-
mulator 11 can for mnstance be a diaphragm-type or piston-
type accumulator. The space 7 1s variable 1n i1ts volume and 1n
the oil-loaded condition of the energy accumulator 2 or of the
o1l/gas pressure accumulator 11 has a correspondingly larger
volume than 1n the unloaded condition, 1n which no or only a
comparatively small amount of o1l 1s contained in the space 7.

The energy accumulator 2 furthermore includes a first
space 6, 8 for instance filled with nitrogen, which 1s composed
of the space 6 and the space 8, the space 6 constituting a
gas-filled space inside the oi1l/gas pressure vessel 11 which
also includes the o1l exchange volume 7. The space 8 1is
formed by an external pure gas accumulator, which 1s con-
nected with the first space 6 of the pressure vessel 11, so that
the pressures 1n the spaces 6 and 8 are 1dentical.

In accordance with the mvention 1t 1s provided that the
energy accumulator 2 has a distinctly greater gas volume as
compared to conventional types, 1.e. a greater volume of the
spaces 6, 8 as compared to the o1l exchange volume 7. While
usual designs have a ratio of the fully loaded to non-loaded
gas volumes of less than 0.5, the invention preferably operates
in a range from 0.8 to 0.93.

This relatively great gas volume 1s realized either by the
connection of the gas space 6 of the o1l/gas pressure accumu-
lator 11 with an external first space 8 located outside the
o1l/gas pressure accumulator 11, 1.e. with an external gas
reservolr, or by a correspondingly increased volume of the
first space 6 of the o1l/gas pressure accumulator 11.

In a preferred aspect of the invention, the energy accumu-
lator operates with a gas filling pressure distinctly raised as
compared to the prior art, 1.e. at a filling pressure with evacu-
ated second space 7 1n the order 01 0.75 to 0.95 of the maxi-
mum admissible operating pressure, whereas values of less
than 0.5 are known from the prior art.

In accordance with the invention, a means for energy
regeneration with tlat characteristic and high power density as
compared to conventional systems 1s realized by the above
measures.
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In principle, 1t 1s conceivable to perform the entire storage
of energy 1n one or more o1l/gas pressure accumulators. It 1s
also concervable to provide not only one, but a plurality of
pumps or hydraulic motors.

The storage of energy can be divided into one or more
o1l/gas pressure accumulators 11 and one or more pure gas
accumulators 8. It 1s also conceivable to provide no external
gas accumulator 8, but perform the storage of energy exclu-
stvely 1n one or more o1l/gas pressure accumulators 11.

In accordance with the present invention, the term “energy
accumulator” 1s meant to include the possibility that the entire
energy accumulator only consists of o1l/gas pressure accumus-
lators without a pure gas accumulator or of a combination of
o1l/gas pressure accumulators and pure gas accumulators.

In particular 1n the latter case it can be provided that upon
reaching the full o1l filling of the second space 7 of the o1l/gas
pressure accumulator(s) 11, a suitable shutoff of the loading
pump 1 1s elffected, which 1s conceivable for mstance via a
defined increase 1n pressure by means ol an end-of-stroke
damper 9 as shown 1n FIG. 2 at the energy accumulator 11
designed as piston-type accumulator.

In both embodiments (with or without external pure gas
accumulator), 1t can furthermore be provided that when oper-
ated as motor, 1.e. when used as hydraulic motor, the pump 1s
shut off before achieving the complete evacuation of the
second space 7, which 1s possible for instance in that the
position of the piston 1s detected or 1n that a switch rod 10 1s
provided on one or more of the o1l/gas pressure accumulators,
as shown 1n FIG. 2.

The broken line in FIG. 2 illustrates that 1t 1s the function of
the switch rod 10 to eflect a shutotf of the hydraulic motor 1,
which results 1n that a complete evacuation of the space 7,
which might lead to problems during operation of the pump/
hydraulic motor 1, is prevented.

As shown 1n FI1G. 1 and FIG. 2, the pump 1 and the hydrau-
lic motor 1 are formed by one and the same structural unit. If
the accumulator 2 should be loaded, the unit 1s operated as
pump 1, which results 1n hydraulic fluid entering the space 7
of the oi1l/gas pressure vessel 11, whereby a compression of
the gas volume contained in the space 6, 8 1s effected.

If this energy should be recovered, said unit 1s operated as
hydraulic motor 1, which introduces the mechanical energy
into the drive train, for instance into the transmission 4 or also
directly onto the wheels or their axles 5.

FI1G. 3 shows another embodiment of the present invention.
In this representation, the arrangement as shown in FIG. 2 1s
completed by a temperature sensor 13 and a pressure sensor
12. The temperature sensor 13 1s connected with the first
space 6, 8 such that the temperature existing in this space 6, 8
1s detected. The pressure sensor 12 1s connected with the
second space 7 such that the pressure existing 1n the second
space 7 1s detected. Instead of individual pressure and tem-
perature measuring devices, the devices 12, 13 can also be
combined devices, which perform a measurement of pressure
and temperature 1n the respective space.

By measuring pressure and temperature by means of the
sensors 12, 13, the condition “maximum operating pressure”
or “maximum filling level” can safely be detected. The case of
“shutting off prior to complete evacuation™ also can safely be
detected by means of the measurement of pressure and tem-
perature on the gas or o1l side.

As stated above, the point of temperature measurement
must be located on the gas side and can be completed by an
o1l-side point of temperature measurement. The point of pres-
sure measurement can be located on the gas side, on the o1l
side or on both sides.
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Switchrods, position sensors or end-oi-stroke dampers can
be used with the pressure and temperature sensor alterna-
tively or 1in addition to the described control/regulation.

The measurement of pressure and/or temperature 1n one
space or in, both spaces can be effected by means of one
sensor each or also by means of a plurality of sensors.

On the whole, it 1s achieved that the present mvention
provides a construction machine with energy regeneration
with flat characteristic and high power density as compared to
conventional systems.

The mvention claimed 1s:

1. A construction machine comprising

a pump (1),

an energy accumulator (2) connected with the pump (1),

which includes a first space (6, 8) which 1s gas-filled, and
a second space (7) which 1s designed such that 1n opera-
tion of the pump (1) the second space 1s filled by a fluid
delivered by the pump (1) to thereby cause the second
space to transition from a non-loaded condition to a fully
loaded condition

wherein the gas contained 1n the first space (6, 8) 1s com-

pressed, and
a hydraulic motor (1) to be driven by the energy accumu-
lator (2),

wherein the energy accumulator (2) 1s designed such that
the ratio of the volume of the first space (6, 8) with fully
loaded second space (7) to the volume of the first space
(6, 8) with non-loaded second space (7) 1s >0.5, wherein
said construction machine 1s a wheel loader or dumper.

2. The machine according to claim 1, wherein means are
provided which shut off the hydraulic motor (1), when the
amount of fluid contained in the second space (7) falls below
a limit value.

3. The machine according to claim 2, wherein the means
include a switch rod (10) on the energy accumulator (2) or
detection means, by which a position of an element movably
mounted in the energy accumulator (2) can be detected,
wherein said position depends on the filling condition of the
second space (7).

4. The machine according to claim 3, wherein the movable
clement 1s a diaphragm or a piston of a diaphragm-type or a
piston-type accumulator.

5. The machine according to claim 1, wherein means (12,
13) for detecting the pressure and/or temperature in the
energy accumulator (2) and shutting off the pump (I) are
provided, wherein the means for detecting and the means for
shutting off the pump are connected with one another.

6. The machine according to claim 5, wherein the means
(12, 13) for detecting the pressure and/or temperature are
arranged such that they detect the pressure and/or the tem-
perature 1n the first space (6, 8) of the energy accumulator (2).

7. The machine according to claim 3, wherein the means
(12, 13) for detecting the pressure and/or temperature are
arranged such that they detect the pressure and/or the tem-
perature 1n the second space (7) of the energy accumulator
(2).

8. The machine according to claim 5, wherein the means
(12, 13) for detecting the pressure and/or temperature are
constituted by separate sensors each or are designed as a
combined device.

9. The machine according to claim 3, wherein the means
for shutting off the pump (1) are designed such that upon
reaching a condition “maximum operating pressure” or a
“maximum tilling level” or before reaching a condition “com-
plete evacuation of the second space™ said means for shutting
off the pump shut off the pump (1), and
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said conditions are determined due to the detection of the
pressure and/or temperature by the means (12, 13) for
detecting the pressure and/or temperature 1n the energy
accumulator (2).

10. The machine according to claim 1, wherein the
machine includes a drive unit (3) and a drive train connected
with the drive umit (3).

11. The machine according to claim 10, wherein the pump
(1) can be driven directly or indirectly by the drive unit (3) or
drive train.

12. The machine according to claim 1, wherein the first
space (6, 8) of the energy accumulator (2) 1s formed of a space
(6) disposed 1n a pressure vessel (11) and/or of an external
space (8) which 1s disposed 1n an external gas tank connected

with the pressure vessel (11).

13. The machine according to claim 1, wherein means for
detecting the pressure in the energy accumulator (2) and
shutting off the pump (1) are provided, which are designed
such that said means shut off the pump (1) when the pressure
detected by the means for detecting the pressure exceeds a
limit value.

14. The machine according to claim 1, wherein the hydrau-
lic motor (1) 1s connected with a drive train such that the
energy output by the hydraulic motor (1) can at least partly be
introduced into the drive train or be supplied to another com-
ponent.

15. The machine according to claim 1, wherein the ratio of
the volume of the first space (6, 8) with fully loaded second
space (7) to the volume of the first space (6, 8) with non-
loaded second space (7) 1s >0.6, >0.7, >0.8 or >0.9.

16. The machine according to claim 1, wherein the ratio of
the volume of the first space (6, 8) with fully loaded second
space (7) to the volume of the first space (6, 8) with non-
loaded second space (7) lies in the range from 0.8 to 0.93.

17. The machine according to claim 1, wherein the energy
accumulator (2) 1s designed as a diaphragm-type or piston-
type accumulator or comprises a diaphragm-type or piston-
type accumulator.

18. The machine according to claim 1, wherein the
machine includes one or more than one energy accumulator
(2).

19. The machine according to claim 1, wherein the pump
(1) and the hydraulic motor (1) are formed by the same
structural unit.

20. A construction machine comprising

a pump (1),

an energy accumulator (2) connected with the pump (1),

which includes a first space (6, 8) which 1s gas-filled, and
a second space (7) which 1s designed such that 1n opera-
tion of the pump (1) the second space 1s filled by a tluid
delivered by the pump (1) to thereby cause the second
space to transition from a non-loaded condition to a fully
loaded condition

wherein the gas contained in the first space (6, 8) 1s com-

pressed, and
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a hydraulic motor (1) to be driven by the energy accumu-
lator (2),

wherein the ratio of the gas filling pressure in the first space
(6, 8) with non-loaded second space (7) to a maximum
operating pressure 1n the first space (6,8 ) with the second
space (7) tully loaded 1s >0.5, wherein said construction
machine 1s a wheel loader or dumper.

21. The machine according to claim 20, wherein the energy

accumulator 1s designed such that the ratio of the volume of
the first space (6, 8) with fully loaded second space (7) to the
volume of the first space (6, 8) with non-loaded second space
(7) 1s >0.3.
22. A construction machine comprising,
a pump (1),
an energy accumulator (2) connected with the pump (1),
which includes a first space (6, 8) which 1s gas-filled, and
a second space (7) which 1s designed such that 1n opera-
tion of the pump (1) the second space 1s filled by a tluid
delivered by the pump (1) to thereby cause the second
space to transition from a non-loaded condition to a fully
loaded condition
wherein the gas contained 1n the first space (6, 8) 1s com-
pressed, and
a hydraulic motor (1) to be driven by the energy accumu-
lator (2),
wherein the ratio of the gas filling pressure in the first space
(6, 8) with non-loaded second space (7) to a maximum
system operating pressure 1n the first space (6,8) with the
second space (7) fully loaded 1s >0.5,
wherein the ratio of the gas filling pressure 1n the first space
(6, 8) with non-loaded second space (7) to the maximum
operating pressure 1s >0.6, >0.7, >0.8 or >0.9, wherein
said construction machine 1s a wheel loader or dumper.
23. A construction machine comprising
a pump (1),
an energy accumulator (2) connected with the pump (1),
which includes a first space (6, 8) which 1s gas-filled, and
a second space (7) which 1s designed such that 1n opera-
tion of the pump (1) the second space 1s filled by a fluid
delivered by the pump (1) to thereby cause the second
space to transition from a non-loaded condition to a fully
loaded condition
wherein the gas contained 1n the first space (6, 8) 1s com-
pressed, and
a hydraulic motor (1) to be driven by the energy accumu-
lator (2),
wherein the ratio of the gas filling pressure in the first space
(6, 8) with non-loaded second space (7) to a maximum
system operating pressure in the first space (6,8) with the
second space (7) fully loaded 1s >0.3,
wherein the ratio of the gas filling pressure in the first space
(6, 8) with non-loaded second space (7) to the maximum
operating pressure lies 1n the range from 0.75 to 0.95
wherein said construction machine 1s a wheel loader or
dumper.
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